INTRODUCTION
============

Increased arterial stiffness has been reported in patients undergoing hemodialysis (HD), and this has been associated with an increased risk of cardiovascular disease.^[@R1],[@R2]^ Therefore, the careful management and evaluation of arterial stiffness in such patients is vital. Brachial--ankle pulse wave velocity (baPWV) has been used as a good marker of arterial stiffness,^[@R3],[@R4]^ and it has shown potential as an effective method to evaluate the extent of peripheral vascular damage. Inflammation has been reported to play an important role in the development of arterial stiffness in addition to the well-known risk factors including calcium/phosphate imbalance, secondary hyperparathyroidism, homocysteine, fluid overload, malnutrition, uremic toxins, oxidative stress, and insulin resistance.^[@R5],[@R6]^ Furthermore, chronic inflammation in patients with end-stage renal disease (ESRD) has been reported to be a component of malnutrition-inflammation-atherosclerosis syndrome.^[@R7]^

In recent years, some hematological parameters, such as neutrophil-to-lymphocyte (NLR), platelet-to-lymphocyte (PLR), lymphocyte percentage (LYMPH%), were found to be surrogate markers of inflammation.^[@R8]--[@R10]^ Furthermore, they were shown as potential markers to predict the morbidity and mortality in renal, cardiac, and different oncologic cancers.^[@R10]--[@R13]^ Besides, NLR and PLR were reported to be associated with limb ischemia and arterial stiffness.^[@R14]--[@R16]^ However, the relationship between hematological parameters and arterial stiffness remains unclear in patients receiving HD. Therefore, this study investigated the relationships of NLR, PLR, and platelet to LYMPH% ratio with baPWV in patients receiving HD.

SUBJECTS AND METHODS
====================

Study Patients and Design
-------------------------

We performed this study at a single dialysis clinic of a regional hospital in southern Taiwan. We enrolled all patients undergoing routine HD at our clinic except those who refused to undergo ankle-brachial index (ABI) assessments (n = 5), and those with atrial fibrillation (n = 4), amputation of both legs below the knees (n = 2), and those who were hospitalized or prescribed with antibiotics in the last 4 weeks (n = 6). In total, 220 patients (114 men and 106 women) were enrolled as the study cohort. This study was approved by the Institutional Review Board of Kaohsiung Municipal Hsiao-Kang Hospital, and all patients provided written informed consent to participate in this study.

Hemodialysis
------------

All of the enrolled patients received HD 3 times a week. Each session lasted for 3 to 4 hours with a dialyzer using a blood flow rate of 250 to 300 mL per minute and dialysate flow of 500 mL/min.

Assessment of baPWV
-------------------

BaPWV was assessed 10 to 30 minutes before each HD session using an ABI-form device. This oscillometric device measured the blood pressure in the arms and ankles.^[@R3],[@R17]^ Occlusion and monitoring cuffs were placed tightly around the upper arm without blood access and both sides of the lower extremities in the supine position. BaPWV values were measured, and the measurement method has been reported and validated in previous studies.^[@R3],[@R17]^ The larger bilateral baPWV value was used in the analysis, with baPWV values being measured once in each patient.

Collection of Demographic, Medical, and Laboratory Data
-------------------------------------------------------

Demographic data including age, gender, smoking status (ever vs never), and comorbidities were obtained from medical records and interviews with the patients. The body mass index was recorded as kg/m^2^. Laboratory examinations were performed using fasting blood samples obtained within 1 month of enrollment with an autoanalyzer (Roche Diagnostics GmbH, D-68298 Mannheim COBAS Integra 400, Germany). Complete white blood cell count (normal range: 4.8--10.8 × 10^9^ cells/L), percentage of neutrophils (normal range: 55--75%), percentage of lymphocytes (normal range: 19--49%), and platelet count (normal range: 140--500 × 10^9^ cells/L) were evaluated using an automatic blood counter. The concentrations of intact PTH (iPTH) in serum and C-reactive protein (CRP) were measured using assay kits (CIS Bio International, France and Dade Behring Marburg GmbH, Germany, respectively). We used monthly values of Kt/V to assess the efficiency of dialysis determined by the Daugirdas procedure.^[@R18]^

Statistical Analysis
--------------------

Statistical analysis was performed using SPSS 17.0 for windows (SPSS Inc. Chicago). Data are expressed as percentages, mean ± standard deviation, or median (25th--75th percentile) for duration of dialysis, triglyceride, iPTH, and CRP. Multiple linear stepwise regression analysis was used to identify the factors associated with baPWV and platelet to LYMPH% ratio. Significant variables in univariate analysis were selected for multivariate analysis. A difference was considered significant if the *P* value was \<0.05.

RESULTS
=======

The mean age of the 220 patients was 61.0 ± 11.7 years. The mean value of baPWV was 1992.3 ± 553.1 cm/s. The values of NLR, PLR, and platelet to LYMPH% ratio were 3.0 ± 1.5, 139.1 ± 59.9, and 59.2 ± 33.3 (10^9^ cells/L/%), respectively. Baseline characteristics of the study patients are shown in Table [1](#T1){ref-type="table"}.
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Determinants of baPWV
---------------------

Table [2](#T2){ref-type="table"} shows the determinants of baPWV in our study patients. In the univariate regression analysis, a high baPWV was found to be associated with old age, short duration of dialysis, diabetes mellitus (DM), hypertension, high systolic blood pressure, high diastolic pressure, high platelets, high platelet to LYMPH% ratio, low albumin, high fasting glucose, low high-density lipoprotein (HDL)-cholesterol, low total calcium, and high CRP. In the multivariate stepwise analysis, DM (β: 163.973, *P* = 0.02), high systolic blood pressure (per 1 mm Hg, β: 9.010, *P* \< 0.001), high platelet to LYMPH% ratio (per 10^9^ cells/L/%, β: 3.334, *P* \< 0.01), and low albumin (per 0.1 mg/dL, β: --55.912, *P* \< 0.001) were independently associated with an increased baPWV.
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We further performed subgroup analysis after excluding 76 patients with abnormal platelet count or LYMPH%. We found old age (per 1 year, β: 12.680, *P* \< 0.01), high systolic blood pressure (per 1 mm Hg, β: 7.554, *P* = 0.02), high platelet to LYMPH% ratio (per 10^9^ cells/L/%, β: 5.545, *P* \< 0.01), and low albumin (per 0.1 mg/dL, β: --38.005, *P* = 0.02) were still independently associated with an increased baPWV.

Determinants of Platelet to LYMPH% Ratio
----------------------------------------

The determinants of platelet to LYMPH% ratio in our study patients are shown in Table [3](#T3){ref-type="table"}. In the univariate regression analysis, a high platelet to LYMPH% ratio was found to be associated with DM, high white blood cells, high neutrophil percentage, low HDL-cholesterol, and high CRP. In the multivariate stepwise analysis, high white blood cells (per 10^9^ cells/L, β: 3.941, *P* \< 0.001), high neutrophil percentage (per 1%, β: 1.144, *P* \< 0.001), and high CRP (per 1 mg/L, β: 9.161, *P* = 0.03) were independently associated with an increased platelet to LYMPH% ratio.
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We further performed subgroup analysis after excluding 76 patients with abnormal platelet count or LYMPH%. We found high white blood cells (per 10^9^ cells/L, β: 3.943, *P* \< 0.001), high neutrophil percentage (per 1%, β: 0.527, *P* = 0.04), and high CRP (per 1 mg/L, β: 7.300, *P* = 0.04) were still independently associated with an increased platelet to LYMPH% ratio.

DISCUSSION
==========

Complete blood counts are easy, inexpensive, and routine examinations that give the information about the blood contents: the red and white cells, the platelets, and the counts and percentages of subgroups of cells. In the present study, we evaluated the association between hematological parameters and arterial stiffness in HD patients and found that increased platelet to LYMPH% ratio was independently associated with an increased baPWV. Besides, high white blood cells, high neutrophil percentage, and high CRP were associated with an increased platelet to LYMPH% ratio.

The most critical finding of the study was that increased platelet to LYMPH% ratio was independently associated with increased arterial stiffness in patients with HD. Consistent with the result, some reports have documented the association between arterial stiffness and inflammatory markers, such as interleukin-6 and CRP.^[@R19],[@R20]^ Chronic inflammation is a component of malnutrition-inflammation-atherosclerosis syndrome, which is associated with adverse cardiovascular outcomes in ESRD.^[@R7]^ Inflammation is well known to play a major role in atherosclerosis.^[@R7]^ Platelets are found to be evolved in the atherogenesis via serectory proinflammatory cytokines.^[@R21]^ Platelets interact with endothelial cells and leukocytes^[@R22]^ and release inflammatory substances leading to adhesion and transmigration of monocytes.^[@R23]^ Endothelial dysfunction and increased expression of proinflammatory cytokines could increase vascular inflammation, smooth muscle cell proliferation, and subsequently elevated arterial stiffness.^[@R24]^ Hence, platelets may play an important role in the development of arterial stiffness.

The other component of the platelet to LYMPH% ratio is the LYMPH%. The LYMPH% is an important parameter in patients with advanced cancer.^[@R10],[@R25]^ A low LYMPH% is associated with an increased mortality and a short disease-free survival in advance colorectal cancer.^[@R10],[@R25]^ Patients with decreased LYMPH% may exhibit a poorer lymphocyte-mediated immune response to malignancy, thereby increasing the risk of tumor recurrence. In the present study, the platelet to LYMPH% ratio was found to be significantly associated with inflammatory markers, such as white blood cells, neutrophil percentage, and CRP. Increased inflammation is highly link to increased arterial stiffness.^[@R7]^ Therefore, a high platelet count and a low LYMPH% and thus a high platelet to LYMPH% ratio, probably reflecting a high inflammation status, may lead to an increased arterial stiffness.

Study Limitations
-----------------

There were several limitations to our study. First, this study was cross-sectional, so the causal relationship and long-term clinical outcomes could not be confirmed. Future prospective studies are needed to address the issues. In addition, we used a single blood sample to calculate platelet to LYMPH% ratio, which remained unclear whether this single blood sample really reflected an elevated platelet to LYMPH% ratio. Finally, some important inflammation markers (eg, interleukein-6, interleukin 1β, and tumor necrosis factor-α) were lacking.

CONCLUSIONS
===========

In conclusion, our results demonstrated that an increased platelet to LYMPH% ratio was independently associated an increased arterial stiffness and this ratio was also correlated with inflammation markers. Therefore, the platelet to LYMPH% ratio is a simple, relatively inexpensive, and universally available method of identifying patients with increased arterial stiffness in HD patients.

Abbreviations: baPWV = brachial--ankle pulse wave velocity, CRP = C-reactive protein, ESRD = end-stage renal disease, HD = hemodialysis, iPTH = intact PTH, LYMPH% = lymphocyte percentage, NLR = neutrophil-to-lymphocyte, PLR = platelet-to-lymphocyte.
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